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Background Although the utility of flaps for the treatment of sternal wound infections 
following median sternotomy has been reported for 30 years, there have been few reports 
on the risk factors for complications after reconstruction. The objective of this investigation 
was to identify factors related to complications after the reconstruction of sternal wound 
infections. 

Methods A retrospective analysis of 74 patients with reconstructive surgery after sternal 
wound infection over a 5-year period was performed. Clinical data including age, sex, body 
mass index (BMI), comorbidities, bacterial culture, previous cardiac surgery, wound depth, 
mortality rate, type of reconstructive procedure, and complication rate were collected. 
Results The patients' BMI ranged from 15.2 to 33.6 kg/m 2 (mean, 23.1 ±3.74 kg/m 2 ). Wound 
closure complications after reconstructive surgery were observed in 36.5% of the cases. The 
mortality rate was 2.7%. Diabetes mellitus significantly affected the rate of wound closure 
complications (P = 0.041). A significant difference in the number of complications was seen 
between Staphylococcus aureus (S. aureus) and coagulase-negative Staphylococci (P = 0.011). 
There was a correlation between harvesting of the internal thoracic artery and postoperative 
complications (P = 0.048). The complication rates of the pectoralis major flap, rectus abdominis 
flap, omentum flap, a combination of pectoralis major flap and rectus abdominis flap, and 
direct closure were 23.3%, 33.3%, 100%, 37.5%, and 35.7%, respectively. 
Conclusions Diabetes mellitus, S. aureus, harvesting of the internal thoracic artery, and 
omentum flap were significant factors for complications after reconstruction. The omentum 
flap volume may be related to the complications associated with the omentum flap transfer 
in the present study. 
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INTRODUCTION 

Sternal wound infections, including sternal osteomyelitis and 
mediastinitis, following median sternotomy continue to be a sig- 
nificant problem, with an incidence range of 0.4% to 3%, and the 
associated mortality rate varies from 10% to 47% [l]. Various 
risk factors for developing sternal wound infections after cardiac 
surgery, such as bacterial etiology, diabetes mellitus, hyperten- 
sion, previous operations including coronary artery bypass graft- 
ing and internal thoracic artery harvesting, have been reported 
[2-4]. The care of this devastating complication requires com- 
prehensive approaches including infection control, rigorous de- 
bridement of damaged tissue, wound bed preparation, and dead 
space obliteration with vascularized flaps. Some types of flaps, 
such as pectoralis major muscle flaps, rectus abdominis muscle 
flaps, or omentum flaps, are reported to be effective reconstruc- 
tive procedures. However, there have been few reports on the 
predictors of complications after sternal wound reconstruction 
[2,5,6]. The objective of this multicenter study was to identify 
risk factors for wound closure complications after surgical treat- 
ment for sternal wound infection. 

METHODS 

A retrospective study of 74 patients who underwent reconstruc- 
tive treatments for sternal wound infections after thoracotomy 
for cardiac, vascular, or other surgery between January 2003 
and March 2011 was conducted. The reconstructive treatments 
included flap transplantation and direct closure. Patients with a 
previous history of radiation therapy to the sternal region were 
excluded from this study. All patient data were collected from 
six hospitals (Tokushima University Hospital, Kochi Health Sci- 
ences Center, Tokushima Red Cross Hospital, Kurashiki Cen- 
tral Hospital, Matsue Red Cross Hospital, and Kawasaki Medi- 
cal School Hospital). Basic data about age, sex, body mass index 
(BMl), comorbidities, bacterial culture before reconstructive 
treatment, previous cardiac surgery, harvesting of the internal 
thoracic artery for coronary artery bypass grafting (CABG), and 
prognosis were collected. The data collected about reconstruc- 
tion included the depth of the sternal wound, reconstructive 



procedures, and complications after the reconstructive surgery. 
The depth of the sternal wound was categorized on the basis of 
Jones' classification: type 1 (superficial wound) skin and sub- 
cutaneous tissue dehiscence or exposure of sutured deep fascia; 
type 2 (depth on sternal bone) exposed bone, stable or unstable 
wired sternotomy; and type 3 (depth under sternal bone) ex- 
posed necrotic or fractured bone, exposure of the heart, or sep- 
ticemia [2]. Wound closure complications after reconstructive 
surgery were defined as including dehiscence of the reconstruct- 
ed wound due to wound infection, hematoma, and flap trouble. 
The factors that correlated with wound closure complications 
after sternal wound reconstruction were then analyzed. This 
study was approved by the institutional ethics committees of all 
the involved hospitals. 

Statistical evaluation was performed with Fisher's exact test, 
McNemar s test, and logistic regression analysis using SPSS ver. 
21 (Japan IBM, Tokyo, Japan). A P-value of less than 0.05 was 
considered significant. Data are presented as means ± standard 
deviation. 

RESULTS 

The 74 patients included 47 male patients (63.5%) and 27 female 
patients (36.5%). The patients' age at the time of surgery ranged 
from 4 to 84 years (mean age, 67.8 years). The BMI ranged from 
15.2 to 33.6 kg/m 2 (mean, 23.1 ±3.74 kg/m 2 ). Wound closure 
complications after reconstructive operations were observed in 
27 patients (36.5%). Two patients died after the reconstructive 
surgery, and the mortality rate in this study was 2.7%. 

Regarding the comorbidities, diabetes mellitus significantly af- 
fected the rate of wound closure complications (odds ratio, 3.25; 
95% confidence interval, 1.05-10.05; P = 0.041). The previous 
operations causing sternal wound infection were CABG in 49 
patients (66.2%), valve repair in 19 patients (25.7%), aortic re- 
construction in 5 patients (6.8%), and other procedures includ- 
ing resection of mediastinal tumors in 6 patients (8.1%) (Table 
l). The wound closure complications after CABG, valve repair, 
aortic reconstruction, and other procedures were 32.7%, 31.6%, 
80%, and 50%, respectively. The odds ratio of complications af- 
ter aortic reconstruction as compared to mediastinal tumor was 



Table 1. Previous surgery and wound closure complications after reconstructive surgery 



Previous surgery No. of cases (°/o) No. of complications (%) Odds ratio (95% confidence interval) P-value 

Coronary artery bypass grafting 49(66.2) 16/49(32.7) 0.60(0.15-2.39) 0.471 

Valve repair 19(25.7) 6/19(31.6) 0.63(0.12-7.52) 0.548 

Aortic reconstruction 5(6.8) 4/5(80) 5.59(0.49-63.58) 0,165 

Mediastinal tumor 6(8.1) 3/6(50) 1 .0 (reference) 

Seventy-four cases underwent 79 surgical procedures. The P-values were calculated using logistic regression analysis. 
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Table 2. Harvesting of the Internal thoracic artery and 
wound closure complications after reconstructive surgery 





ITA harvesting 


Wound closure complications 


(No. of cases, °/o) 


Yes (%) 


No (o/o) 


Yes (41/74, 55.4) 


12/41 (29.3) 


29/41 (70.7) 


No (33/74, 44.6) 


15/33(45.5) 


18/33(54.5) 


The P-value calculated using McNemar's test is 0.048. 




ITA, internal thoracic artery. 







Table 3. Bacterial pathogens before reconstruction and 
wound closure complications after reconstruction 





Bacterial pathogen 


No. of cases (°/o) 


No. of complications (°/o) 


Staphylococcus aureus 


38 (56.7) 


18/38 (47.4) 


Coagulase-negative 
Staphylococci 


21 (31.3) 


3/21 (14.3) 


Others 


3 (4.5) 


1/3(33.3) 


Negative 


5 (7.5) 


0/5 (0) 


There was no data about bacterial culture in 7 cases. The P-value in the compari- 
son of complications between Staphylococcus aureus and coagulase-negative 
Staphylococci calculated using Fisher's exact test is 0.01 1 . 



high but not significant. A larger number of cases compared to 
that considered in the present study may be needed for further 
explanation of the effect of the previous operations to the com- 
plications. Harvesting of the internal thoracic artery for CABG 
was performed in 41 (55.4%) patients (Table 2); of these, 12 
(29.3%) patients developed wound dehiscence after reconstruc- 
tion. In 33 patients without harvesting of the internal thoracic 
artery wound dehiscence occurred in 15 (45.5%). There was 
a correlation between harvesting of the internal thoracic artery 
and postoperative complications (P = 0.048). 

The bacterial pathogens detected before the reconstruction 
were Staphylococcus aureus (S. aureus) in 38 patients (56.7%) 
and coagulase-negative Staphylococci (CNS) in 21 patients 
(31.3%) (Table 3). Complication rates of the patients having S. 
aureus and CNS were 47.4% and 14.3%, respectively; patients 
with S. aureus had a significantly higher rate (P = 0.01 1). 

In terms of the depth of the sternal wound, 7 patients (9.5%) 
had type 1, 17 (23%) had type 2, and 50 (67.5%) had type 3 
(Table 4). The number of type 1, type 2, and type 3 patients with 
wound closure complications was 4 (57.1%), 4 (23.5%), and 19 
(38%), respectively. There was no correlation between sternal 
wound depth and postoperative complications (P = 0.278). 

The number of reconstructive procedures used with each 
type of wound depth and the number of patients having wound 
closure complications with each procedure are shown in Table 
5. In the case of type 3 wound depth, the pectoralis major flap, 
omentum flap, a combination of the pectoralis major and rectus 



Table 4. Wound depth and wound closure complications 
after reconstructive surgery 





Depth of wound 


Wound closure complication 


(No. of cases, °/o) 


Yes (%) 


No (o/o) 


Type 1 (7, 9.5) 


4/7(57.1) 


3/7 (42.9) 


Type 2 (17, 23) 


4/17(23.5) 


13/17(76.5) 


Type 3 (50, 67.5) 


19/50(38.0) 


31/50(62.0) 


The P-value calculated using Fisher's exact test is 0.278. 



Table 5. Reconstructive procedures, wound depth, and 
wound closure complications after reconstructive surgery 



Reconstructive Type 1 Type 2 Type 3 T . . c 

. Total no. of 

procedures ,. .. fn , > 

(No. of cases) (recurrence/total cases) complications (o/o) 



PM flap (30) 


0 


0/9 


7/21 


7/30 (23.3) 


Omentum flap (10) 


2/2 


2/2 


6/6 


10/10(100.0) 


Combination of PM and 
RA (8) 


0 


1/1 


2/7 


3/8 (37.5) 


RA flap (6) 


1/1 


0 


1/5 


2/6 (33.3) 


Direct closure (14) 


1/3 


1/4 


3/7 


5/14(35.7) 


Others (6) 


0/1 


0/1 


0/4 


0/6 (0) 



Others included skin graft in 2 patients (Type 1 and 2), latissimus dorsi muscle 
flap in 2 patients, local flap in 1 patient, and combination of the pectoralis major 
and omentum flaps in 1 patient. The P-value calculated using Fisher's exact test 
comparing recurrence by reconstructive procedure is 0.0004. 
PM, pectoralis major; RA, rectus abdominis. 



abdominis flaps, rectus abdominis flap, and direct closure were 
selected in 21, 6, 7, 5, and 7 patients, respectively. The complica- 
tion rates of the pectoralis major flap, omentum flap, the combi- 
nation of the pectoralis major and rectus abdominis flaps, rectus 
abdominis flap, and direct closure were 23.3%, 100%, 37.5%, 
33.3%, and 35.7%, respectively. Other procedures included skin 
graft in 2 patients, latissimus dorsi muscle flap in 2 patients, local 
flap in 1 patient, and the combination of the pectoralis major 
and omentum flaps in 1 patient. The complication rate of the 
other procedures was 0%, although the number of these cases 
was small. There was a significant correlation between the re- 
constructive procedure and the complication rate (P = 0.0004). 
The patient who underwent reconstruction with the combina- 
tion of the pectoralis major and omentum flaps had no wound 
closure complication. 

DISCUSSION 

Surgical treatment for complex sternal wounds has varied from 
debridement with simple drainage to debridement with au- 
tologous vascularized flap closure. Although various risk factors 
for developing sternal wound infections after cardiac surgery 
have been reported [2-4], there have been few reports on the 
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predictors of complications after sternal wound reconstruction. 
In these reports, smoking, hypertension, diabetes mellitus, con- 
gestive heart failure, renal insufficiency, and intra-aortic balloon 
pump were listed as risk factors related to increased complica- 
tions after reconstruction [2,5,6]. Since patients who undergo 
cardiac operations generally have poor general status, the recur- 
rence of sternal wound infections can lead to a life-threatening 
condition such as sepsis or multiple organ failure. 

In the present study, diabetes mellitus was a risk factor for 
wound closure complications. Elevated blood glucose levels may 
impair wound healing, and the continuous use of intravenous 
insulin has been shown to significantly reduce the incidence of 
sternal wound infection in diabetic patients [7]. Strict control of 
the diabetic patient's condition is needed to prevent complica- 
tions after reconstruction surgery. Harvesting of the internal 
thoracic artery was a significant factor related to complications 
in the present study, and some reports have identified it as a risk 
factor for sternal infection [3,8]. The mechanism is related to 
devascularization of the wound around the sternal bone, which 
may delay proper wound healing after harvesting of the internal 
thoracic artery. 

The most common causal pathogens for sternal wound infec- 
tions are Staphylococcus epidermis (CNS) and S. aureus, both 
from the normal skin flora [9-11]. CNS infections generally 
have a late and insidious onset and are often associated with less 
severe symptoms of mediastinitis as compared to mediastinitis 
caused by other bacteria [12]. S. aureus may have a more aggres- 
sive nature and demonstrate more classical signs of infection. 
No difference in mortality has been reported between sternal 
infections caused by CNS and S. aureus [9]. The reason for the 
significant difference in the number of complications observed 
between CNS and S. aureus in the present study is not clear. A 
higher rate of positive blood cultures for S. aureus as compared 
to CNS has been reported in patients with sternal infections 
[9]. A possible reason for more complications after S. aureus 
infection is the presence of the pathogen in the blood after the 
reconstruction. 

In the present study, the classification of sternal wound infec- 
tions was adopted from a previous report [2] . Type 1 is a wound 
on the sternal bone that is not exposed. Type 2 is a wound with 
exposure of the sternal bone that is stable or unstable. In this 
type, it is important but not easy to check the viability and infec- 
tion of the bone. When the wound is not infected and the bone 
is vascularized, rewiring and direct closure of the skin can be 
performed. Type 3 is complete sternal disruption and suppura- 
tive mediastinitis. Patients with type 3 in the present study ac- 
counted for 67.5% of the cases; they had a reconstruction proce- 
dure with muscle flaps or an omentum flap in 78% of the cases. 



There was no significant correlation between wound depth and 
wound closure complications, because suitable procedures can 
be selected for each wound depth. However, one reason why 
type 2 had a relatively high complication rate maybe that the vi- 
ability of these wounds is most difficult to judge [2] . 

The pectoralis major flap was the most commonly selected 
procedure for reconstruction and had the lowest complication 
rate in the present study. The pectoralis major flap is reported 
to be the most favored method for the reconstruction of sternal 
wound infections [2,11,13]. However, the inferior or deep part 
of the sternal bone is sometimes out of reach of the pectoralis 
major flap. Some approaches to increase the width of the muscle 
to achieve a wider reach have been presented [14,15]. Further- 
more, a combination of the pectoralis major and rectus abdomi- 
nis flaps has been reported for long and deep defects [16,17] 
because the pectoralis major flap and the rectus abdominis flap 
are suitable for superior and inferior sternal wound defects, 
respectively [18]. An unexpected finding of the present study 
was that the wound closure complication rate of omentum flaps 
was considerably higher than the average (36.5%). The omen- 
tum flap transfer is reported to be a useful procedure for the 
reconstruction of sternal wound infections [19,20], although 
no significant difference in prognosis has been shown between 
the omentum flap and the muscle flap [20,21]. The weight of 
the omentum varies from 170 to 1,400 g and is representative of 
the visceral adipose tissue mass [22] . The mean BMI (24.3 + 4.2 
kg/m 2 ) in patients who underwent omentum flaps in the pres- 
ent study was not high. The high complication rate after the 
omentum flap may be related to the inadequate volume of the 
omentum for the defect size. In order to add tissue volume to 
the omentum flap, a combination use of omentum and muscle 
flaps is recommended for sternal wounds with wide defects [23- 
25]. Another factor that can increase the complication rate after 
an omentum flap is the effects on the patients' respiratory efforts 
because an additional body cavity has to be opened to harvest 
the flap. In the present study, details on omentum flap transfer 
such as the volume or the weight of the flap, features of wound 
condition, timing of transplantation, and the harvesting proce- 
dure were not investigated. A further study is required to delin- 
eate the safe use of the omentum flap. There are many types of 
defects on and under the sternal bone. Estimation of defect size 
before debridement and selection of a suitable flap for the defect 
and the general condition is important. 
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